Background. Whether serum uric acid (UA) is associated with all-cause mortality in patients with acute coronary syndrome (ACS) following percutaneous coronary intervention (PCI) remains unclear. Methods. We performed a retrospective cohort study of 2296 patients with ACS. Curve-fitting and Cox proportional-hazard regression models with a hazard ratio (HR) and 95% confidence interval (CI) were used. Results. During a mean follow-up of 246.31 ± 49.16 days, 168 (7.32%) patients died from all causes. Patients were divided into two groups [the high-UA group (n = 566) and the low-UA group (n = 1730)] based on the serum UA threshold value (5.6 mg/dl) identified through curve fitting. Fifty-three (9.36%) patients died in the high-UA group, and 115 (6.65%) patients died in the low-UA group. The difference between groups was statistically significant (P = 0 031). Univariate analysis showed that the risk of all-cause mortality in the high-UA group was significantly greater than that in the low-UA group (HR = 1.45, 95% CI: 1.03 to 2.04). This difference persisted after adjustment for baseline characteristics, medical history, and medication history (HR = 1.42, 95% CI: 1.05 to 1.87). Conclusions. Our study demonstrated that elevated serum UA (>5.6 mg/dl) is associated with all-cause mortality in ASC patients after PCI.
Introduction
Coronary heart disease (CHD) is caused by atherosclerosis accompanied by stenosis or lumen obstruction, resulting in myocardial ischemia, hypoxia, and necrosis [1] [2] [3] . As the standard of living continues to improve, the incidence of CHD is also increasing each year. CHD has become an important threat to human life and health [4] . Acute coronary syndrome (ACS) [5] is a serious type of CHD that can lead to adverse consequences, such as arrhythmia, heart failure, and sudden death [6] [7] [8] . ACS is divided into acute ST-elevation myocardial infarction (STEMI), non-ST-segment elevation myocardial infarction (NSTEMI), and unstable angina pectoris (UAP), depending on whether the patient has chest pain, the electrocardiogram findings, and the presence of markers of myocardial necrosis [9] .
Previous studies have shown that coronary atherosclerotic plaque rupture, vasospasm and consequent platelet adhesion, aggregation, and secondary thrombosis are the main pathophysiological mechanisms of ACS [10, 11] . Additionally, diabetes [12] , hypertension [13] , obesity [14] , smoking [15] , and older age [16] are risk factors that promote the development and progression of ACS. A large number of studies have indicated that inflammatory factors are also closely related to ACS. For example, a cohort study in South Korea found that the level of plasma lipoprotein-associated phospholipase A2 (Lp-PLA2) and high-sensitivity C-reactive protein (hs-CRP) was significantly increased in patients with ACS. This relationship remained after a multivariate logistic regression analysis was performed to adjust for potential confounding factors (odds ratio = 1.047, P = 0 013) [17] . A systematic review that included 39,324 patients with ACS also found that baseline platelet (PLT) count was significantly associated with major adverse cardiac events (MACE) and mortality regardless of short-term (1-month follow-up) or long-term (>1 year) prognosis [18] .
Uric acid (UA) is the final metabolite of nucleic acid, including nucleic acid from food, and excretion of UA occurs mainly through the kidneys [19, 20] . Any disorder of purine metabolism and/or abnormal excretion of UA can lead to an increase in blood UA. As medical research has advanced, it has been determined that UA is not only a metabolite of nucleic acid but also closely related to many diseases. Some scholars believe that higher levels of UA in patients with cardiovascular disease may be a compensatory response that counteracts excessive oxidative stress in the body [21, 22] . This theory is supported by animal research. Interestingly, a number of studies have shown that high UA levels are a risk factor for many diseases, such as hypertension [23] and cardiovascular diseases [24] , and significantly worsen the prognosis of these patients, which might be explained by the close correlation between UA and oxidative stress [25] . However, it remains unclear whether serum UA is associated with all-cause mortality in ACS patients after percutaneous coronary intervention (PCI). Therefore, we performed this study to evaluate the association between serum UA and all-cause mortality in these patients.
Methods

2.1.
Patients. This was a retrospective cohort study conducted at the First Affiliated Hospital of Guangxi Medical University, Guangxi, China, from February 2013 to January 2016. The study consecutively enrolled 2363 ACS patients who had undergone PCI. Sixty-seven patients were excluded from the study for the following reasons: 46 patients were excluded because left ventricular ejection fraction (LVEF) was not measured on admission or data was unavailable, 14 patients had a malignant tumor, 5 patients had severe liver and kidney disease, and 2 patients were excluded for other reasons. A total of 2296 patients were ultimately included in this study. This study was approved by the ethics committee of the First Affiliated Hospital of Guangxi Medical University, Guangxi, China. Because this was a retrospective cohort study and all patients were anonymous, written informed consent was not required. This study was conducted in accordance with the tenets of the Declaration of Helsinki. The data used to support the findings of this study are available from the corresponding author upon request.
The inclusion criteria were as follows: (1) the patient was diagnosed with ACS and underwent PCI from February 2013 to January 2016 at the First Affiliated Hospital of Guangxi Medical University, Guangxi, China, and (2) the patient's age was between 18 and 75 years. The exclusion criteria were as follows: (1) patients with malignant tumors, such as colorectal cancer, esophageal cancer, gastric cancer, or liver cancer; (2) renal function was severely impaired (estimated glomerular filtration rate < 30 ml/min/1.73 m 2 or dialysis); (3) pregnant or nursing female patients; (4) patients with autoimmune diseases or blood disorders; or (5) data were not available for the hospitalization period after PCI.
Patient Information Collection.
We used the electronic medical records of the First Affiliated Hospital of Guangxi Medical University to collect demographic characteristics, comorbidities, and cardiac medications of all patients. The patient information included age, sex, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate, serum creatinine, UA, total bilirubin, total cholesterol, triglycerides, high-density lipoprotein (HDL), low-density lipoprotein (LDL), LVEF, medical history, and medication history. Serum creatinine, UA, total bilirubin, total cholesterol, triglyceride, HDL, and LDL were measured within 24 hours after admission. Echocardiography was usually performed within 24 hours after admission by two echocardiography experts.
2.3. Treatment and Procedure. The drugs used before and after PCI were given in accordance with accepted guidelines and practice standards and included aspirin, clopidogrel, and statins. The PCI procedure and perioperative anticoagulant therapy were also carried out in accordance with accepted guidelines. The use of predilation, intravascular ultrasound, and intra-aortic balloon pumps, as well as the type of stent (drug-eluting or bare metal), was determined by experts in interventional cardiology.
Study Endpoints.
The primary endpoint of this study was all-cause mortality, which was determined through the electronic medical records of the First Affiliated Hospital of Guangxi Medical University. If necessary, an office visit or telephone call was placed to confirm the clinical outcome of patients. All clinical outcomes were confirmed by two clinicians.
Statistical Analysis.
Results are presented as a number (percent) for categorical variables and as the mean ± SD for continuous variables. Categorical variables were compared using the chi-square test, and between-group comparisons of continuous variables were done using the unpaired Student's t-test. In this study, we used a curve-fitting method to explore the relationship between serum UA and all-cause mortality. We found the association between serum UA and all-cause mortality to be U-shaped. This means that all-cause mortality decreased first and then increased as serum UA increased, with a threshold value of 5.6 mg/dl ( Figure 1 ). In addition, the receiver operating characteristic (ROC) curve was performed to further validate the relationship between the uric acid level and all-cause mortality.
The result of ROC also shows that the cut-off value of serum uric acid for predicting all-cause mortality is 5.6 mg/dl [sensitivity = 81.82%, specificity = 73.42%, area under curve (AUC) = 81.52%, 95% CI (lower) = 0.814, and 95% CI (upper) = 0.872] (Figure 2) . Finally, all patients were divided into two groups [the high-UA group (n = 566) and the low-UA group (n = 1730)] depending on their level of serum UA (threshold value = 5.6 mg/dl) through curve fitting and ROC.
We also performed univariate and multivariate logistic regression analyses to estimate all-cause mortality between the two groups. In multivariate logistic regression analysis, demographic and clinical factors, including age, sex, BMI, SBP, DBP, heart rate, serum creatinine, total bilirubin, total cholesterol, triglyceride, HDL, LDL, LVEF, medical history, and medication history, were adjusted to obtain accurate results. Additionally, a Cox proportional-hazard regression model was used to explore the association between baseline serum uric acid levels and all-cause mortality. A hazard ratio (HR) with a 95% confidence interval (CI) was used to estimate the results.
Considering the differences in serum UA levels between sex and different diseases, we further conducted a subgroup analysis to explore the relationship between serum UA levels and all-cause mortality based on sex, history of heart failure, history of atrial fibrillation, history of stroke, history of PCI, history of hypertension, history of diabetes, and smoking.
All reported probability values were 2-sided with a P value < 0.05 considered to be statistically significant. Data analysis was performed using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA), R statistical software version 3.3.2 (available at: http:// www.r-project.org), and EmpowerStats (http://www.em powerstats.com).
Results
Baseline Characteristics of Study Patients.
From February 2013 to January 2016, 2296 ACS patients who had undergone PCI were consecutively enrolled in the study. During a mean follow-up of 246.31 ± 49.16 days, 168 (7.32%) patients died from all causes. Through curve fitting and the result of ROC, all patients were divided into two groups [the high-UA group (n = 566) and the low-UA group (n = 1730)] according to the level of serum UA (threshold value = 5.6 mg/dl) (Figures 1  and 2 ). Baseline characteristics of the two groups are presented in Table 1 . There were no significant differences in age, BMI, SBP, DBP, heart rate, total bilirubin, total cholesterol, HDL, LDL, LVEF, history of heart failure, history of atrial fibrillation, history of stroke, history of PCI, history of CABG, history of hypertension, smoking, or use of aspirin, clopidogrel, beta-blockers, ACEIs, calcium channel blockers, or statins between the low-UA group and the high-UA group (all P > 0 05). However, the high-UA group had higher serum creatinine and triglycerides and a lower prevalence of diabetes compared with the low-UA group (P < 0 05). In addition, the proportion of females in the low-UA group was higher than that in the high-UA group (35.84% vs. 20.85%).
3.2. Follow-Up and All-Cause Mortality. During a mean follow-up of 246.31 ± 49.16 days, 168 (7.32%) patients died from all causes. Fifty-three (9.36%) of these patients were in the high-UA group, and 115 (6.65%) were in the low-UA group. The difference in all-cause mortality rates was statistically significant between the groups (P = 0 031).
Univariate and Multivariate Analyses.
In univariate analyses, we found sex (HR = 0.68, 95% CI: 0.49 to 0.93), age (HR = 1.09, 95% CI: 1.07 to 1.11), history of heart failure (HR = 3.12, 95% CI: 2.16 to 4.50), history of atrial fibrillation (HR = 2.68, 95% CI: 1.23 to 5.83), history of diabetes (HR = 2.13, 95% CI: 1.53 to 2.98), serum creatinine (HR = 1.06, 95% CI: 1.02 to 1.21), and baseline serum UA (HR = 1.45, 95% CI: 1.03 to 2.04) to be significantly associated with all-cause mortality (Table 2) . When potential confounding factors were adjusted for through multivariate analysis, sex (HR = 0.73, 95% CI: 0.54 to 0.85), age (HR = 1.11, 95% CI: 1.09 to 1.14), history of heart failure (HR = 3.10, 95% CI: 2.15 to 4.47), history of atrial fibrillation (HR = 2.65, 95% CI: 1.22 to 5.78), history of diabetes (HR = 2.17, 95% CI: 1.55 to 3.04), and baseline serum uric acid (HR = 1.42, 95% CI: 1.05 to 1.87) were still significantly associated with all-cause mortality ( Table 2) . All-cause mortality (%) Figure 1 : Curve fitting of baseline serum uric acid levels and all-cause mortality in ACS patients after PCI. Curve fitting found that when serum uric acid levels are below 5.6 mg/dl, the all-cause mortality rate is the lowest. 
Cox Proportional-Hazard Regression Model.
For a mean follow-up of 246.31 ± 49.16 days, the results using the Cox regression model are shown in Figure 3 . Compared with patients in the low-uric acid group (uric acid < 5.6 mg/dl), patients in the high-uric acid group (uric acid > 5.6 mg/dl) had a 42% increased risk of all-cause mortality after adjustment for baseline characteristics, medical history, and medication history (HR = 1.42, 95% CI: 1.05 to 1.87). 
Discussion
Patients with ACS often suffer from an increased risk of allcause mortality and reduced survival time after PCI. Previous studies have found that the risk of all-cause mortality in patients with ACS was 20.34% within one year after PCI [26] . Therefore, one of the key concerns of the clinician is to identify and manage risk factors in order to minimize the risk of mortality. To date, researchers have found that vitamin D levels [27] , education level [28] , posttraumatic stress [29] , and adiponectin [30] are risk predictors of allcause mortality. In this retrospective cohort study, our data reveal that patients with a higher level of UA at baseline (threshold value > 5.6 mg/dl) had a higher risk of all-cause mortality compared to patients with a lower level of UA. Similar results were attained when potentially confounding factors (such as baseline characteristics, medical history, and medication history) were adjusted using multivariate logistic regression analysis and Cox proportional-hazard regression model Abbreviations: BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL = high-density lipoprotein; LDL = low-density lipoprotein; LVEF = left ventricular ejection fraction; PCI = percutaneous coronary intervention; CABG = cardiac artery bypass grafting; ACEI = angiotensin-converting enzyme inhibitor.
(HR = 1.42, 95% CI: 1.05 to 1.87), which means that the UA level might be used to better stratify cardiovascular risk in clinical practice. To the best of our knowledge, this retrospective cohort study of 2296 patients is the first to evaluate the association between baseline serum UA levels and all-cause mortality in a Chinese population of ACS patients after PCI. Our results suggest that as the UA level increases, the incidence of all-cause mortality also increases. This means that there is a positive correlation between the level of UA and all-cause mortality in ACS patients after PCI. This finding is very important for patients, the social health care system, and the National Health and Family Planning Commission and warrants more attention and support. Early intervention and management in order to reduce risk is important to improve the prognosis of these patients in the long term.
In recent years, it has gradually been found that UA is a risk factor for many diseases, such as dementia [31] , hypertension [32] , diabetes [33] , and coronary heart disease [34] . Perticone et al. found that UA is an independent predictor of cardiovascular outcomes and increases prognostic accuracy of Cox models in patients with essential hypertension [35] . A retrospective study pointed out that the incidence of CVD was increased along with an increase in UA levels in both men and women. The hazard ratio for CVD was 1.24 (95% confidence interval 1.08 to 1.41) for women and 1.06 Abbreviations: BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL = high-density lipoprotein; LDL = low-density lipoprotein; LVEF = left ventricular ejection fraction; PCI = percutaneous coronary intervention; CABG = cardiac artery bypass grafting; ACEI = angiotensin-converting enzyme inhibitor. Multivariate analyses: adjusted for serum creatinine, triglyceride, and history of heart failure. (95% confidence interval 1.00 to 1.13) for men [36] . Another population-based cross-sectional study observed that elevated serum UA levels were associated with CVD independent of traditional cardiovascular risk factors (P < 0 05) [37] . Consistent with previous studies, our study found that UA levels are a risk factor for all-cause mortality, independent of other cardiovascular risk factors. The exact mechanisms to explain the relationship between uric acid and all-cause mortality are as follows. Some scholars suggest that high UA levels promote the occurrence and development of atherosclerosis [38] [39] [40] . It is well known that atherosclerosis is closely related to the incidence of cardiovascular disease and therefore could lead to an increased risk of all-cause mortality. Other scholars suggest that elevated serum UA may lead to endothelial dysfunction [41, 42] . Blood UA can interfere with the synthesis of nitric oxide, inhibit nitric oxide bioavailability, activate the renin-angiotensin system, promote vascular smooth muscle cell proliferation and platelet aggregation, and eventually lead to the endothelial dysfunction [43, 44] . Additionally, some previous studies have found that there is a large amount of UA in atherosclerotic plaque, which can increase the adhesion of platelets and promote the formation of thrombus, thereby affecting the patient prognosis and increasing all-cause mortality [45] .
Previous studies have showed that elevated uric acid levels appear to significantly increase the risk of all-cause mortality in men, but not in women, which is inconsistent with our results [46] . The possible explanations are as follows: (1) different diseases may lead to inconsistent results. The subjects of this study were acute coronary syndrome patients following percutaneous coronary intervention. However, the subjects of some previous research were patients treated with peritoneal dialysis. (2) The difference in research population is also one of the reasons leading to inconsistent results. The object of this study is the Chinese population; perhaps because of different genes or eating habits, it can lead to different results.
Our study has several strengths. First, to the best of our knowledge, this is the first study to evaluate the association between baseline serum UA and all-cause mortality in ACS patients after PCI. The implication for clinical practice is that taking appropriate measures to reduce UA levels may significantly reduce all-cause mortality in these patients. Serum UA levels are part of the routine examinations of inpatients and can easily be addressed using sodium bicarbonate, which is low cost. Second, the threshold value for serum UA levels (5.6 mg/dl) was determined through curve fitting, which better represents the real-world situation compared to the traditional grouping method. Finally, although this was a retrospective cohort study, we performed a multivariate logistic regression analysis to minimize residual confounding, including adjustment for demographic and clinical factors.
Our study also has several limitations. First, as a retrospective cohort study, there is inevitably some confounding bias, such as selection bias and retrospect bias. Second, this research is a single-center study in a Chinese population. Further studies are needed to confirm whether these results are applicable in other areas and, especially, other populations. Finally, some previous baseline data were not available. For example, data regarding the degree of coronary artery disease stenosis, type of stent implantation, and the number of implanted stents were not available.
Conclusion
Our study demonstrated that elevated serum UA (>5.6 mg/dl) is associated with all-cause mortality in ASC patients after PCI. However, more studies are needed to confirm this finding.
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